Abstract We re-examine a series of archived centimetre radio-continuum observations (λ=16, 6 and 3 cm) focusing on NGC 7793 using the Australia Telescope Compact Array. These new images are both very sensitive (σ=0.011 mJy/beam) and feature reasonably high angular resolution (down to <3 ′′ ). Using these images, a total of 76 discrete radio sources are identified, of which 57 have been classified. We also studied the radio component of the micro-quasar NGC7793-S26 which shows two distinct regions of somewhat steep spectral index (α) between -0.3 and -0.7.
Introduction
As part of the Sculptor group galaxies, NGC 7793 is at an approximate distance of 3.91 Mpc (Karachentsev et al. 2003) and has been intimately examined throughout a number of multifrequency studies. Of particular interest is the source NGC7793-S26, initially discovered by Blair and Long (1997) . Subsequent X-ray and Very Large Array (VLA) radio observations by Read and Pietsch (1999) and Pannuti et al. (2002) note extended emission associated with a bright point source, designated S26. Further studies by Pakull and Grisé (2008) , , Pannuti et al. (2011) , and Dopita et al. (2012) examine this source in greater detail and suggest that it is micro-quasar in nature.
The Australia Telescope Compact Array (ATCA), having been upgraded with the Compact Array Broadband Backend (CABB) (Wilson et al. 2011) , was used by to resolve S26's radio lobe structure and map its spectral index. As a part of our study of nearby Sculptor Group galaxies, we re-examine this data with an additional focus of discrete sources within NGC 7793's field.
Part 1 of this series of papers (Galvin et al. 2012 ) created a new set of highly sensitive and highly resolved mosaics of NGC 300 -another Sculptor Group galaxy -at λ = 20 cm by combining ATCA and VLA data. Part 2, by O'Brien et al. (2013) , re-examines ATCA and VLA data of the NGC 55 -yet another Sculptor Group galaxy -field at λ = 20, 13, 6 and 3 cm. In this paper we re-examine archived centimetre radiocontinuum observations (λ=12.2, 6 and 3 cm) focusing on NGC 7793 using the ATCA with an additional focus on discrete sources. In §2 we describe the observational data and reduction techniques. We present and discuss our results in §3 and conclusion in §4.
Data and data reduction

Observational Data
The data used in this study was obtained from the Australia Telescope Online Archive (ATOA)
1 . Project C2096 was conducted over 5 non-consecutive days using the ATCA and CABB, which provided a 2 GHz spectral window for each of the observations. The observations used in this study are summarised in Table 1. In project C2096 we used PKS1934-638 and PKS2357-318 as its primary (flux and bandpass) and secondary (phase) calibrators, respectively. All observations used in this study were centred at RA (J2000)= 23 h 57 m 59.94 s and DEC (J2000)=-32
• 33 ′ 30.8 ′′ . The miriad (Sault et al. 2011 ) and karma (Gooch 2011) software packages were used for data reduction and analysis. Typical miriad calibration and flagging procedures were then carried out, including the use of the guided automatic flagging task pgflag. Each observation was then imaged in order to verify its integrity. The task invert was used to produce a dirty map and beam. We found that supplying a Briggs robust parameter of 0.5 was the most effective in reducing the areas of sidelobe distortion. As we imaged the full spectral window provided by CABB, mfclean (Sault and Wieringa 1994) was used to deconvolve the multi-frequency synthesised dirty map. Finally, restor and linmos were used to convolve and correct for primary beam attenuation.
Once we verified that sufficient data flagging and calibration had been carried out for each individual observation, a single image was created by combining datasets from all epochs for each particular frequency.
Results and Discussion
The final images produced in this study are presented in Figs. 1, 2 and 3. Each image was produced using the collective dataset for that particular frequency. We summarise the details and parameters of each image in Table 2 .
Upon inspecting the final images we find that λ=12.2 cm (Fig. 1) had a significantly higher RMS noise level (1σ=0.30 mJy/beam) than λ=6 and 3 cm (1σ=0.011 and 0.015 mJy/beam in Figs. 2 and 3 respectively). This was expected as NGC 7793 at λ=12.2 cm was only observed for ∼10 hours, where as λ = 6/3 cm was observed for ∼33 hours. As noise increased towards the edge of the primary beam, the adopted RMS values represent the upper limit in terms of local noise for each image. In the case of Fig. 3 , approximately one third of the field of interest was ignored due to the increased confusion at the edge of the primary beam. (Table 3 ; Column 5, 6 and 7 respectively) were identified within the field of NGC 7793. Using a 5
′′ search radius, a value adopt because of the beam size of Fig. 1 , a total of 39 sources were found at more than one wavelength. In such cases we estimated sources spectral index, α, defined as S ∝ ν α (Table 3 ; Column 12). When calculating this spectral index value we assumed a error in flux density of 10% for each measurement. Position, integrated flux densities and spectral indices of these catalogued sources are presented in Table 3 . The positions listed in Table 3 refer to the location of each source from the highest frequency image from which it was found. Due to the smaller primary beam at λ = 3cm ( Fig. 3 ), approximately one third of the search ellipse is too noisy for source detection. The 28 sources within this flagged area have been marked in Table. 3 with †.
Our new catalogue of 76 discrete radio-continuum sources in NGC 7793 was then compared to the Infrared (Kennicutt et al. 2003) , Ultra-violet (Dale et al. 2009 ), Optical (DSS) and X-ray (Pannuti et al. 2011 ) catalogues and any source coincidences that were found using a search radius of 5 ′′ were noted in Table 3 (Columns 8, 9, 10 and 11 respectively).
In Fig. 5 we show the distribution of integrated flux densities of detected sources at λ = 12.2, 6 and 3 cm as described in Table 3 (Columns 5, 6 and 7 (excluding NGC7793-S26 (Table. 3; Index 61)). We note that the majority of sources (85%) have an integrated flux density that is below 10σ flux density levels. Fig. 6 shows the distribution (in terms of spectral index (Table. 3; Column 12) and classification (Table. 3; Column 13)) of 38 out of the 76 sources sources identified in this study. J235743-323634 (Table. 3; Index 13) is excluded from this graph. We note two distinctive source groups; one peaking at α=-0.6 and second at α=-0.2. Out of 39 sources with an estimated spectral index, 24 (61.5%) can be classified as having a flat or inverted spectrum with an α between 0.7 and -0.5. The remaining 15 sources (38.5%) have a steeper α between -0.5 to -1.7.
Source Classification
Seventy-six (76) radio-continuum sources were detected in our study. These sources have been classified into three main groups: background sources, Supernova Remnants (SNRs) and Hii regions. Combining previous work and our new radio-continuum maps we classify a total of 57 sources. From these 57 sources, 37 are most likely to be Hii regions, 14 to be SNRs, 1 to be a micro-quasar (see Pakull and Grisé (2008) , , Pannuti et al. (2011) and Dopita et al. (2012) ), 1 to be a background galaxy (or AGN) and 4 which could be either an SNR or a background galaxy (or AGN). The remaining 19 radiocontinuum sources still have no classification. We list each sources classification, where appropriate, in Table  3 ; Column 13. Strong candidates are listed as either Hii, SNR, MQ (micro-quasar) or BCKG (background galaxy/AGN), while weaker candidates are listed as hii, snr and bckg. Fig. 6 shows the distribution of these source classifications.
A source was classified as a strong candidate SNR if it had both a steep negative spectral index and an X-Ray counterpart. If a source only had one of these Spectral index pixel map of NGC 7793 as calculated from λ= 12.2, 6 and 3 cm data. The image is in terms of spectral index α, where α is defined as S ∝ ν α . The red ellipse highlights the area that was examined for sources and the colour bar on the right reflects the spectral index value. The synthesised beam, represented by the blue ellipse in the lower left hand corner, is 7.56 ′′ x 3.80 ′′ . (Table. 3 ; Column 5, 6 and 7). All sources have been binned in 0.05 mJy increments. Due to its significant flux density when compared to other discrete sources in this study, NGC7793-S26 (Table. 3 12.2cm source distribution 3 σ Table. 3; Columns 12 and 13. J235743-323634 (Table. 3; Index. 13) is excluded from this graph. properties it was classified as a weak candidate snr or bckg/snr. Likewise, if a source had a flat spectral index and an Infrared counterpart it was classified as a Hii region candidate. If it only had one such property, it was classified as a weak Hii region candidate. Each source was also visually inspected to determine if there was any intrinsic structure that would help in its identification. Three sources (Table 3 ; Index #26, #39 and #67) have been classified as being weak candidate snrs or bckg/snr while having a shallow spectral index. These sources were classified as either weak candidate snrs or snr/bckg based on how many counterparts were seen at additional frequency bands, the lack of extended emission or structure of the source, and the uncertainty associated with borderline steep spectral index values. After classifying our sources we then compared them to two additional catalogues. The first catalogue, from Pannuti et al. (2002) , listed a total of 33 radio and optically selected SNR candidates. A total of 5 sources were found to be common between both studies, of which we had classified 4 as SNRs and 1 which was not classified. The second catalogue, from Hodge (1969) , listed Hii regions. When compared to our own we find a total of 17 source matches to be common. Of these 17 sources, we had classified 12 as Hii regions and 4 as SNRs. The remaining source was the micro-quasar NGC7793-S26. Hodge (1969) used two photographs, a yellow image and a yellow subtracted H α image, to identify Hii regions. This explains why 5 sources were classified differently when compared to Hodge (1969) , as these sources would have similar optical emission. These sources are noted in Table 3 .
If a source has an X-ray counterpart when compared with Pannuti et al. (2011) (Table 3 ; Column 11) or was listed as an SNR candidate in Pannuti et al. (2002) (as noted in Table 3 ; Column 14), we compared the listed positions from both catalogues. We find that the average positional difference in ∆ RA and ∆ DEC is -0.13 ′′ (with a SD of 1.19 ′′ ) and -0.08 ′′ (with a SD of 0.61 ′′ ) respectively.
We find 57 sources in common between radio (Figs. 1, 2 and 3) and at least one additional frequency band (Infrared, Ultra-violet, Optical and X-ray). Of these 5 frequency bands, there were 3 sources which were seen in all five, 38 in four, 11 in three and 3 in two. Fig. 4 shows a three point spectral map of NGC7793. Each pixel represents the spectral index as measured across Figs. 1, 2 and 3 after convolving the images to the largest beam size (12.2 cm). Pixels below the 3 sigma RMS noise level for each image were ignored.
Spectral Map
The compact sources within this study exhibit a shallow (flatish) spectral index of between −0.2 > α > −0.4. This indicates dominance of regions with high thermal radiation caused by dense star formation. We can also see occasional steeper areas where α < −0.4, implying a dominance of non-thermal radiation possibly caused by either synchrotron or inverse-Compton radiative mechanisms. Objects which radiate using this mechanism include SNRs and energetic jets.
Micro-quasar S26
Pakull et al. (2010) suggest that NGC 7793-S26 (Table  3 ; Index 61) is powered by a black hole expelling relativistic jets of matter. Through the interactions with the surrounding interstellar medium (ISM), two bubbles have formed either side of the central black hole. Fig. 7 shows NGC7793-S26 from the spectral map (as discussed above) overlaid with contours from Fig. 2  (λ=6 • 33 ′ 25.00 ′′ ) has a slightly flatter average spectral index of α ∼-0.43 with a range of -0.65 to -0.04. We also note a slightly positive index (approximately 0 < α < 0.2) on the outskirts of the southern lobe. (Fig. 2) .
The peak flux intensity of the southern lobe is measured at 1.28 mJy/beam, 0.42 mJy/beam and 0.23 mJy/beam at 12.2, 6 and 3 cm respectively. The northern lobe is somewhat weaker with a peak flux intensity of 0.67 mJy/beam at 12.2 cm, 0.24 mJy/beam at 6 cm and 0.14 mJy/beam at 3 cm.
Conculsion
Using archived centimetre radio-continuum observations (λ=12.2, 5.5 and 3 cm) of NGC 7793 we catalogue a total of 76 discrete radio sources. Of these 76 sources, we classified a total of 37 sources as Hii regions, 14 as SNRs, 1 as a micro-quasar, 1 as a background galaxy and 4 as either background galaxies or SNRs. A spectral index map of NGC 7793 was created which exhibited a mostly shallow spectral index value, indicating dominance of regions with high thermal radiation caused by dense star formation. We also studied the radio component of the micro-quasar NGC7793-S26, and showed that on average it has a somewhat steep spectral index of between -0.3 and -0.7.
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